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of CRC, a large number of ecological and epidemiological comparisons conducted in different parts of the world have shown that fats are associated with CRC. [3] [4] [5] [6] [7] Some of the discrepancies in findings on this association may be attributable to the fact that dietary fats were mainly investigated according to their quantity (total fat), origin (animal and plant) or type (saturated, monounsaturated and polyunsaturated). Very few studies paid sufficient attention to specific fatty acids (FA) for which a relationship with CRC has been reported experimentally. 8, 9 Moreover, mechanisms of their association with CRC have been hypothesized. [10] [11] [12] Previous investigations 13, 14 have revealed that the absolute amount of fat contributes little to overall CRC risk. However, because of the large array of physiological functions in which they are implicated, some FA may reduce risk, while others may be associated with increased risk, and still others may be unrelated to CRC.
This case-control study was undertaken to describe the distribution of FA and to test the hypothesis that the association between dietary fats and CRC is dependent on the level of individual FA intake among French-Canadians. This population had unique food and lifestyle patterns that differed from many neighbouring North American populations. 15 We also examined the possible interaction between polyunsaturated fatty acids (PUFA) and some dietary antioxidants to determine if subgroups of the study population with high antioxidant intake are at different risk compared with low-intake subjects.
Methods

Study population
Case and control ascertainment of this study has been described elsewhere. 14 Briefly, between 1989 and 1993, a total of 1268 patients aged 35-79 years with a histological diagnosis of CRC were identified through the admission offices of five major francophone teaching hospitals of the RICUM (Réseau interhospitalier de cancérologie de l'Université de Montréal). Of these, 596 cases (47%) were ineligible for the following reasons: 210 (35.2%) lived outside the study region, 178 (29.9%) were excluded because of age, 151 (25.3%) had another primary cancer or an incorrect diagnosis, and 57 (9.6%) died before the interview. For 87 (12.9%) of the remaining 672 eligible cases, no answer was received from physicians in response to our request for permission to interview their patients. The doctors refused the interview of 31 patients (4.6%). We were unable to contact 54 cases (8%) because of wrong addresses, and 96 cases (14.3%) declined to be interviewed. Two cases (0.3%) were later excluded because of incorrect diagnosis. We finally interviewed 402 cases, giving a response rate of 59.8% of eligible recruited subjects.
The controls were population-based, matched for age (± 5 years), language, and place of residence. They were selected by a modified random digit dialling method developed and validated by our group. A total of 2085 controls were chosen, of which 1361 (65.3%) fulfilled the study criteria. A total of 171 (8.2%) gave no answer, 335 (16.1%) refused to participate before the study was explained to them, and a further 167 (8%) refused to participate after the study was explained to them. We therefore interviewed 688 subjects which represented 51% of eligible control subjects.
Data collection
Data were collected from both cases and controls in the respondents' homes. If either the case or the control was hospitalized at the time of the scheduled interview and was unlikely to be available for a home interview within 2 weeks, an in-hospital interview was arranged. All controls were interviewed no later than 3 months after the matching cases were interviewed. The core questionnaire asked for data on socio-demographics, body measurements, family CRC history, and smoking.
Food intake
Food consumption data were collected by a food frequency questionnaire (FFQ) developed by the National Cancer Institute of Canada, modified by our group for French-Canadians, and used in a previous study of pancreatic cancer. 16 The FFQ focused on the 2-year period prior to diagnosis of the disease for cases, and on a corresponding period for the controls. The original (English) questionnaire was translated into French for FrenchCanadians, and was assessed for both validity and reproducibility. 17 In face-to-face interviews, data were gathered on over 200 food items and recipes consumed over a 12-month period, using food models to help participants quantify their portions.
Food grouping
A total of 1185 separate food items, including brand names, were retrieved from the FFQ and categorized into 21 food groups based on the Canadian Nutrient File (CNF). Computation of FA intake was based on three food composition tables: 1997 CNF (99% of food items), 1991 CNF (0.9%), and USDA Handbook No. 8, 1994 (0.1%). The major food groups that contributed FA of interest to the diet were fats and oils (vegetable oil, salad dressing, margarine), dairy and egg products (butter, cheese, cream, milk), baked products (biscuits, cookies, pies), poultry products (chicken, goose, turkey), finfish (bluefish, salmon, sardine), shellfish, and snacks and sweets.
Statistical analysis
Food intake among cases and controls was converted to specific FA intake based on the three food composition tables mentioned above. To determine the associations between FA and CRC, the subjects were divided into four categories according to quartiles of calorie-adjusted FA intake among the control population for women and men separately, and combined. Odds ratios (OR) and 95% CI were calculated using the categories of residuals from the regression of FA on total energy intake 18 in unconditional logistic regression models. All analyses were adjusted for age, body mass index (BMI) one year prior to diagnosis of the disease, history of CRC in first-degree relatives, marital status, and physical activity since adulthood. Total energy intake, hormone replacement therapy, fibre, and vitamin C and E intakes did not exhibit significant differences between cases and controls, and were not included in the model. Tests for trends in logistic regression analysis were conducted by using the scores derived from the means within each category. 19 To evaluate interactions between individual polyunsaturated fatty acids (PUFA) and dietary antioxidants, the P-value for a multiplicative interaction term added to a fully adjusted model was examined and, when statistically significant, stratification on antioxidant intake was performed with median intake of the controls as the cutpoint.
Results
The characteristics of the study population are summarized in Table 1 . Age was associated with a significantly increased risk (P Ͻ 0.0001), and cases were more likely to have a family history of CRC (P = 0.006). The cases were also more likely to be nevermarried regardless of gender (P = 0.028). One year prior to the diagnosis of cancer, there was a tendency towards heightened CRC risk with an increase in BMI (P = 0.030). Women who were much less active since reaching adulthood were more likely to be at risk (P = 0.016).
The major sources of specific FA are presented in Table 2 . Butyric acid was mainly supplied by dairy and egg products (more than 90%), medium chain fatty acids (MCFA C [8] [9] [10] [11] [12] [13] [14] ) by dairy and egg products, and snacks and sweets. Linoleic acid (LA), alpha-linolenic acid (ALA) and trans fatty acids (tFA) were from baked products, fat and oil sources. Arachidonic acid (AA) was from poultry products, while eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) were from finfish and shellfish.
Specific FA intake was fairly similar in cases and controls ( Table 2 ). Oleic and palmitic acids were the most consumed FA, respectively accounting for about 45% and 19% of overall individual FA intake.
Associations between each specific FA and the risk of CRC by sex are shown in Table 3 . Butyric acid intake was associated with 43% decreased CRC risk among females, but not among males when the upper and lower quartiles of intake were compared (P = 0.022 for interaction by sex, data not presented).
Among females, total MCFA were associated with 23% risk reduction with the four specific MCFA ranking from 23% (lauric acid) to 34% (caprylic acid), comparing the upper to the lower quartiles of intake.
Although there was no association between the individual long chain saturated FA (SFA) and CRC risk, total SFA exhibited a decrease in CRC risk among females. No relationship was found between CRC and any specific or total monounsaturated FA, PUFA, or tFA.
An inverse dose-dependent relationship was evident between ALA and CRC among females, comparing the upper with the lower quartiles of intake, but not among males (P = 0.002 for interaction by sex, data not presented).
Among males, a direct and significant association was noted between CRC and AA. A similar trend was observed among females without reaching statistical significance. Omega-3 FA seemed to be associated with a reduced risk of about 16% among women but not men. The ω6/ω3 ratio exhibited a direct and significant association with CRC only among females with an increased risk of 47%, comparing the upper to the lower quartiles of intake.
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Although there was no risk associated with vitamin C intake among males, the direct association between AA and CRC risk became stronger and the trend increased significantly among those consuming more vitamin C (у145 mg/day, P = 0.003 for interaction) for the upper relative to the lower quartiles of intake (Table 4) . Further adjustment for smoking history and iron intake did not significantly modify the risk.
The MCFA intake exhibited a sex-specific difference with regard to AA intake. Among males with low MCFA intake (Ͻ4 g/day), a direct and significant association was found between AA and CRC risk while this positive association was seen among females consuming more MCFA, comparing the upper with the lower quartiles of intake.
Although there was no risk associated with total carotenoids intake, a direct and significant association was found in women between CRC and AA, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) among those with low total carotenoids intake (Ͻ756 ER/day). Interestingly, in both genders, no significant association was evident between any individual PUFA and CRC among those consuming high total carotenoids.
Discussion
Most of the associations detected in this study were statistically significant only among women, suggesting a gender-CRC interaction. Although the same relationships were seen in men, they were much weaker and could have been partly due to recall biases among them. Sex-specific differences in CRC have been observed in both epidemiological and experimental studies. 5, [20] [21] [22] It is possible that sex hormones are related to the sex-specific differences because they affect bowel transit time, 23 bacterial fermentation in the colon, and particularly bile acid production. 24, 25 Lifestyle and dietary habits may also account for these differences.
We observed that high butyric acid intake decreased the risk of CRC, particularly among females. This has been reported previously 26, 27 and supports the hypothesis that butyrate may reduce neoplasia risk in colonocytes, probably through mechanisms including apoptosis induction and gene regulation. 28 Similarly, individual and total MCFA intake was associated with reduced risk among women. Few studies have examined the relationship between MCFA and CRC risk. One investigation 29 reported a significant increase in lauric and myristic acid intake among subjects at high risk for CRC. One casecontrol study 30 noted a significant rise in lauric acid intake and no difference in myristic acid intake between cases and controls, while another 31 found no relationship. Lauric and myristic acids exert a dose-dependent inhibitory effect on malignant cells, 32 and reduce prostanoid synthesis. 33 To the best of our knowledge, the impact of caprylic and capric acids has not been examined, and it is speculated that they may have the same influence as other MCFA.
In our study, an increase in ALA intake among women was associated with a 22% decrease in CRC risk. One clinical investigation 34 demonstrated that patients with a normal colon exhibit high mucosal ALA content compared with those with colon adenoma or CRC. One cohort 35 and two case-control studies 31, 36 found no association between ALA and CRC risk. High ALA intake leads to EPA and DHA elevation, 37 and because high EPA and DHA diets suppress the cyclooxygenase-2 (COX-2) induction, 10 an increase of ALA may be related to a reduction in COX-2 expression which correlated with a low incidence and multiplicity of colon tumours. 10 In our study, AA was associated with up to twofold increased risk among men, which is consistent with previous investigations. 38, 39 The AA is found primarily in white meat (poultry products), and a review 40 of 32 case-control and 13 cohort studies of meat consumption and CRC has revealed heightened risk. It is known that competition between AA and EPA may increase COX-2 expression, 10 and an elevated production of prostaglandins (PG) in CRC is associated with up-regulation of COX-2. 41 Moreover, elevated AA levels have been associated with significantly augmented ω-6-desaturase activity, 34 and this could lead to enhanced PGE 2 , a feature of carcinogenesis.
We found that increased dietary ω-3 FA intake reduces risk among women to approximately 16%. A protective effect of dietary ω-3 FA intake against CRC has been proposed. [42] [43] [44] It has been argued that these FA modulate colorectal carcinogenesis through mechanisms that include COX-2 inhibition, increased apoptotic activity, angiogenesis, protein kinase C activation, decreased ornithine decarboxylase activity, fecal bile acid reduction and neutral sterol excretion. 10 Changes in the ω6/ω3 FA ratio may contribute to the early phases of colorectal carcinogenesis 34 since competitive effects between these precursor FA give rise to 2-or 3-series PG. An ecological investigation 5 reported that the ω6/ω3 FA ratio was directly associated with CRC risk in men. In one study 44 of ω-3 FA as potential modifiers of CRC risk, a relatively low ω6/ω3 FA ratio was required to obtain suppression of PGE 2 production in human rectal mucosa. One case-control study 31 found a suggestive, although not significantly increased risk linked with the ω6/ω3 ratio among women, while a cohort study 35 detected no relationship. In our investigation, an augmented ω6/ω3 FA ratio was associated with a 61% rise in CRC risk, but this relationship remained significant in females only.
We noted that tFA were not associated with CRC risk among both men and women although there was a tendency towards increased risk among women. This finding is consistent with results from a case-control study 45 of adenomatous polyps as a marker for CRC and tFA. A case-control study 46 reported a weak and direct association between tFA and colon cancer in women but not in men, while a strong positive relationship between tFA and CRC incidence was observed in an international investigation 3 across 11 European countries. However, this latter research failed to take into account confounding risk factors for CRC.
The saturated fatty acids (SFA) were associated with 13% reduction risk among women, whereas men exhibited an inverse pattern although it was not statistically significant. While the role of chance could be the best explanation, it is also possible that among men, the controls had reduced their saturated fat intake since they exhibited a low SFA intake compared with cases while female controls had an increased SFA intake compared to cases (data not shown). Overall, our data are consistent with those on women with a positive family history of CRC. 31 Among males with high vitamin C intake, AA was associated with up to fivefold increased risk. Vitamin C has been hypothesized to protect against some cancer sites by preventing oxidative damage to PUFA and DNA through antioxidant or free-radical scavenging actions. 47 However, vitamin C plays an ambivalent role in antioxidative defence, since, under certain conditions, such as when it exists along with catalytically active iron, it is strongly prooxidant 48 and may enhance carcinogenesis as well as tumour formation. 49 A possible interpretation is that with elevated AA intake, high vitamin C may trigger AA peroxidation, and products of this reaction are involved in the multistep process of carcinogenesis. Further investigation is needed for clarification.
Among females with high MCFA intake, an increased risk was associated with AA intake in a dose-dependent fashion, whereas a significantly elevated risk was observed among males with low MCFA intake. It has been shown that as MCFA intake rises, essential FA incorporation into cell membranes is augmented. 50 Moreover, MCFA may protect against oxidation of PUFA. 51 It is possible that MCFA act preferentially in favour of AA since its metabolism leads to AA-derived eicosanoids which play an important role in tumour growth.
Our study indicates heightened risk of CRC with intake of EPA and DHA among women with low carotenoid intake. Carotenoids include a large array of substances with different biological antioxidant activities. It has been shown that β-carotene is effective in protecting lipid membranes from damage by free radicals; lycopene is the most efficient singlet oxygen quencher, lutein and zeaxanthin are scavengers of radical oxygen species, 52 while β-cryptoxantin may stimulate anti-oncogene expression. 53 In light of so many mechanisms, it is possible that carotenoids are the most effective lipid-based protective antioxidants and, as such, may protect against enhanced PUFA peroxidation in membranes in a variety of cells.
One limitation of our study is that it was designed to recruit most of the eligible CRC cases identified in the RICUM which represent around 90% of the French-Canadian population of the study region. Although the participation rate did not vary substantially among cases and controls, we were able to obtain the participation of around 60% of CRC cases. This may have produced some selection bias in our results. The likelihood of recall bias has been highlighted in case-control studies. Although this possibility cannot be completely ruled out in our investigation, we found that the individual FA intakes were almost identical in cases and controls. It seems unlikely that such an outcome could be biased.
Another limitation of our study is that the FFQ quantitatively determined the frequency of consumption and amounts of food items, including fats and oils taken with food and those used at the table. Information on additional oils used in particular cooking techniques was collected qualitatively and was not considered in this study. However, any bias from this source may be conservative, may induce non-differential misclassification, and may not have changed the direction of the reported associations. Moreover, although the database used in this study was comprehensive for FA, the available tFA data for the food items we investigated were limited to 3.4%, and this could have obscured existing associations in both genders.
In conclusion, our study suggests that, independently of total energy intake, substituting AA by butyrate, ALA or ω-3 FA in the diet may reduce CRC risk. Low carotenoid intake, at least partly through PUFA oxidation, may be associated with increased risk. Arachidonic acid may heighten CRC risk, which could become stronger with elevated vitamin C intake. From a public health perspective it would be helpful to reduce the intake of foods with high AA content, and increase carotenoidrich vegetables and fruits.
